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ABSTRACT
Passing through the Galactic disk, a massive object such as a globular cluster, can
trigger star formation process leading to the birth of open clusters. Here, we ana-
lyze such possible evolutionary relationship between globular and open clusters. To
search for the closest rapprochement between objects we computed backwards the
orbits of 150 Galactic globular and 232 open clusters (younger than 100 Myr) with
proper motions, derived from the Gaia DR2 Catalog. The orbits were computed using
the recently modified three-component (disk, bulge and halo) axisymmetric Navarro-
Frenk-White potential, which was complemented by non-axisymmetric bar and spiral
density wave potentials. We obtained a new estimate for the frequency of impacts of
globular clusters about the Galactic disk, which is equal to 4 events for 1 million years.
In the framework of the considered scenario, we highlight the following nine pairs of
globular and open clusters, with rapprochement within 1 kpc at the time of the in-
tersection the Galactic disk by a globular cluster for the latest 100 Myr: NGC 104 –
Turner 3, NGC 104 – NGC 6396, NGC 104 – Ruprecht 127, NGC 5139 – Trumpler 17,
NGC 5139 – NGC 6520, NGC 6341 – NGC 6613, NGC 6838 – NGC 6520, NGC 7078
– NGC 7063, NGC 6760 – Ruprecht 127.
Key words: Open Clusters – Globular Clusters – SFRs: Galaxy (Milky Way).
1 INTRODUCTION
As it is known, the main characteristics of globular and open
star clusters in the Galaxy differ significantly. Globular clus-
ters (GCs) are distributed throughout the whole Galaxy,
contain 104 − 106 members, which for a long time retain
gravitational connectedness, on average, for more than 10
Gyr. Open clusters (OCs) belong to the Galactic disk, con-
tain no more than 104 members and can completely dis-
sipate for a few Gyr after their birth. Indeed, numerical
simulations of the dynamical evolution of OCs, made by
Chumak & Rastorguev (2006), show stellar tails stretched
along the Galactic cluster orbits developing with time, which
must completely dissolve and mix with the stellar back-
ground in a time near 2 Gyr (Ku¨pper et al. 2008).
GCs and OCs have different formation mechanisms. De-
tails of GCs formation retain unclear. At the same time,
there is the hypothesis that the most massive ω Cen-type
GCs can be remnants of destroyed dwarf satellite galaxies
of the Milky Way. The mechanism of formation of OCs has
been worked out in more detail. Origination of an OC be-
⋆ E-mail: anisabajkova@mail.ru
gins with the collapse of a part of a giant molecular cloud,
a cold dense cloud of gas and dust. Numerous factors that
violate the balance of a giant molecular cloud, may result in
the formation of an OC. They are: shock waves from nearby
supernovae, collisions with other clouds, tidal interactions
with the bulge, disk and spiral arms. It seems also possible
that the formation of OCs may be triggered by a GC passing
through the Galactic disk.
The question of detection of observational effects of
crossing the Galactic disk by globular clusters was, appar-
ently for the first time, raised in Brosche et al. (1991). These
authors, in particular, studied the motion of globular clus-
ters NGC 362 and NGC 6218. In Rees & Cudworth (2003),
the pair of a globular cluster NGC 6397 and a young scat-
tered stellar cluster NGC 6231 was considered.
The idea behind the evolutionary relationship between
OCs and GCs implies that when a GC passes through the
Galactic disk it may approach a giant molecular cloud so
closely that the latter will be taken out of its state of equi-
librium. That is, under favorable circumstances, the propa-
gation of GCs through the disk can trigger the formation of
OCs or stellar associations consisting of several OCs.
Vande Putte & Cropper (2009) analyzed Galactic tra-
c© 2019 RAS
2 A. T. Bajkova and V. V. Bobylev
jectories of 54 globular clusters with measured proper mo-
tions, radial velocities and distances. They found that po-
tentially promising in the above sense are globular clus-
ters NGC 3201, NGC 6397 and NGC 6838. Based on more
extensive and reliable data, the analysis was repeated in
Bobylev & Bajkova (2019) using a sample of 133 Galactic
globular clusters, in which pairs NGC 104 – Ruprecht 129
and NGC 6362 – Pismis 11 were recognized as the most in-
teresting. And in Bobylev & Bajkova (2018), the hypothesis
of the formation of the Gould Belt after intersection of the
disk by a globular cluster ω Cen was analyzed as well.
The second data release of the Gaia mission
(Gaia Collaboration 2018) has provided five astrometric pa-
rameters for more than 1.3 billion stars in the Milky Way.
The mean errors of the trigonometric parallax and both
proper motion components in this catalogue depend on the
stellar magnitude. For example, the parallax errors lie within
the range 0.02–0.04 mas for bright stars (G < 15m) and are
0.7 mas for faint stars (G = 20m). For more than 7 million
stars of spectral types F–G–K, their radial velocities were
determined with a mean error of ∼1 km s−1.
The aim of this paper is to study the Galactic orbits of
known globular clusters in order to search for a suitable can-
didate whose passage through the Galactic disk could have
triggered the formation of open star clusters. To this end,
we use the values of proper motions of globular and open
clusters derived by various authors from Gaia DR2 Catalog.
In addition, new values for OCs distances were calculated
from trigonometric parallaxes of their likely members from
the Gaia DR2 Catalog.
The paper is structured as follows. The data on GCs
and OCs are described in Section 2. The method based on
analyzing the orbits of GCs and OCs is considered in Section
3. The model for the axisymmetric Galactic potential is de-
scribed in Section 3.1. The bar and Galactic spiral structure
potentials are considered in Section 3.2. Equations of motion
are given in Section 3.3. The statistical modeling principle is
described in Section 3.4. The temporal characteristics of star
formation are given in Section 3.5. The results are presented
and discussed in Section 5.
2 DATA
In this paper, the main source of data on globular clusters
is the Vasiliev (2019) Catalog. It contains average proper
motions of 150 globular clusters calculated from the data of
the Gaia DR2 Catalog.
We used Cantat-Gaudin et al. (2018) as the main source
of mean values of OCs proper motions and parallaxes, calcu-
lated from the data of the Gaia DR2 Catalog. These values
were determined using the most likely members of clusters.
The average values of heliocentric radial velocities of the
OCs were taken from the MWSC (Milky Way Star Clus-
ters, Kharchenko et al. (2013)) Catalog, and in some cases,
from Soubiran et al. (2018), where they were calculated ex-
clusively according to the Gaia DR2 Catalog. Estimates of
the OCs ages were taken from the MWSC Catalog.
The authors of the Catalog Gaia DR2
(Gaia Collaboration 2018) already noted the presence
of a systematic shift in Gaia DR2 parallaxes: ∆pi = −0.029
mas relative to the inertial coordinate system. The minus
Table 1. Parameters of the Galactic potential model, M0 =
2.325× 107M⊙
Parameter Value
Mb (M0) 443
Md (M0) 2798
Mh (M0) 12474
bb (kpc) 0.2672
ad (kpc) 4.40
bd (kpc) 0.3084
ah (kpc) 7.7
sign means that the correction must be added to the Gaia
DR2 parallaxes to reduce them to the standard values.
Later in Stassun & Torres (2018), Yalyalieva et al. (2018),
Riess et al. (2018) and Zinn et al. (2018) it was shown that
the value of this correction is underestimated. Based on
these works, we added to all the original OCs parallaxes
the correction 0.050 mas.
As a result, we selected 232 OCs younger than 100 Myr
(lg t < 8) with known proper motions, parallaxes (σπ/pi <
30%), and radial velocities.
3 METHOD
Since the method used in our study is based on the
analysis of the orbits of GCs and OCs, we will spend
some time describe our model for the Galaxy gravita-
tional potential. We believe that the most realistic model
available is our refinement Bajkova & Bobylev (2016),
Bajkova & Bobylev (2017) of the Navarro-Frenk-White
(NFW) three-component (bulge, disk, halo) axisymmetric
model (Navarro et al. 1997), supplemented with terms that
take into account the influence of the central bar and the
spiral density wave.
3.1 Model for the Axisymmetric Galactic
Potential
We present a model for the axisymmetric gravitational po-
tential (ASGP) of the Galaxy as a sum of three compo-
nents: the central spherical bulge, Φb(r(R,Z)), the disk
Φd(r(R,Z)), and the massive, spherical dark-matter halo
Φh(r(R,Z)):
Φ(R,Z) = Φb(r(R,Z)) + Φd(r(R,Z)) + Φh(r(R,Z)). (1)
Here, we used a cylindrical coordinate system (R,ψ,Z) with
its origin at the Galactic center. In Cartesian coordinates
(X,Y, Z) with their origin at the Galactic center, the dis-
tance to a star (the spherical radius) is r2 = X2+Y 2+Z2 =
R2 + Z2, where the X axis is directed from the Galactic
center toward the Sun, the Y axis is perpendicular to the
X axis and points in the direction of the Galactic rotation,
and the Z axis is perpendicular to the Galactic (XY ) plane
and points in the direction of the North Galactic pole. The
gravitational potential is expressed in units of 100 km2 s−2,
distances in kpc, masses in units of the mass of the Galaxy,
Mgal = 2.325 × 10
7M⊙, and the gravitational constant is
taken to be G = 1.
c© 2019 RAS, MNRAS 000, 1–??
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The potentials of the bulge Φb(r(R,Z)) and disk
Φd(r(R,Z)) were taken to have the form proposed by
Miyamoto & Nagai (1975):
Φb(r) = −
Mb
(r2 + b2b)
1/2
, (2)
Φd(R,Z) = −
Md[
R2 +
(
ad +
√
Z2 + b2d
)2]1/2 , (3)
where Mb and Md are the masses of the corresponding com-
ponents and bb, ad, and bd are scale parameters of the compo-
nents in kpc. The halo component was taken in accordance
with Navarro et al. (1997):
Φh(r) = −
Mh
r
ln
(
1 +
r
ah
)
. (4)
Table 1 presents the parameters of the model for the
Galactic potential (2)–(4) from Bajkova & Bobylev (2016),
Bajkova & Bobylev (2017), computed using the rotational
velocities of Galactic objects at distances R out to∼200 kpc,
which were obtained by Bhattacharjee et al. (2014) with
R⊙ = 8.3 kpc for the Galactocentric distance and V⊙ = 244
km s−1 for the linear velocity of the local standard of rest
around the Galactic center. When deriving the correspond-
ing Galactic rotation curves, we adopted the mentioned val-
ues for R⊙ and V⊙.
3.2 The Bar and The Spiral Density Wave
Potentials
The terms describing the potential of the bar and the spiral
density wave are added to the right-hand side of formula (1),
in general forming non-axisymmetric gravitational potential
(NASGP) of the Galaxy.
We adopted the bar potential in the form of the triaxial
ellipsoid model in accordance with Palous et al. (1993):
ΦB = −
MB
(q2B +X
2 + [Y · aB/bB ]2 + [Z · aB/cB ]2)1/2
, (5)
where MB is the mass of the bar, which is equal to 43.1×
Mgal; aB, bB , and cB are the three semiaxes of the bar
(aB/bB = 2.381, aB/cB = 3.03); qB is the length of the bar;
X = R cos ϑ and Y = R sinϑ, where ϑ = θ − ΩB · t − θB ,
θ is the initial position angle of the object: tan θ = Y0/X0
(X0, Y0 are the initial coordinates of the object in the Carte-
sian coordinate system in accordance with (9), ΩB is the
circular velocity of the bar, t is time, θB is the bar orienta-
tion angle relative to Galactic axes X,Y , which is counted
from the line connecting the Sun and the Galactic center
(the X-axis) to the major axis of the bar in the direction of
Galactic rotation. We adopted the estimates of the bar pa-
rameters ΩB = 55 km s
−1 kpc−1, qB = 8 kpc, and θB = 45
◦
from Bobylev & Bajkova (2016b).
When the spiral density wave is taken into account
(Lin & Shu 1964), the right-hand side of the formula (1)
is supplemented with the term (Fernandez et al. 2008):
Φsp(R, θ, t) = A cos[m(Ωpt− θ) + χ(R)], (6)
where
A =
(R⊙Ω⊙)
2fr0 tan i
m
and
χ(R) = −
m
tan i
ln
(
R
R⊙
)
+ χ⊙.
Here, A is the amplitude of the spiral-wave potential, Ω⊙ the
angular velocity of the Galaxy at the solar distance R⊙, fr0
the ratio of the radial component of the perturbation to the
total gravitation of the Galaxy, Ωp the angular velocity of
the wave’s rigid-body rotation,m the number of spiral arms,
i the pitch angle of the arms (i < 0 for a trailing pattern),
χ the phase of the radial wave (χ = 0◦ corresponds to the
center of the arm), and χ⊙ the Sun’s radial phase in the
spiral wave. We adopted the following parameters for the
spiral wave:
i = −13◦,
fr0 = 0.05,
χ⊙ = −120
◦,
Ωp = 20 km s
−1 kpc−1
(7)
for the four-armed model of the pattern m = 4. The “ – ”
sign of χ⊙ means that we are counting this angle from the
Carina–Sagittarius arm.
3.3 Equations of Motion
The equations of motion of a test particle in the Galactic
potential have the form
X˙ = pX , Y˙ = pY , Z˙ = pZ ,
p˙X = −∂Φ/∂X,
p˙Y = −∂Φ/∂Y,
p˙Z = −∂Φ/∂Z,
(8)
where pX , pY , and pZ are canonical momenta, and a dot
denotes a derivative with respect to time. We integrated
Eqs. (8) using a fourth-order Runge-Kutta algorithm.
We took the peculiar velocity of the Sun
relative to the Local Standard of Rest to be
(u⊙, v⊙, w⊙) = (11.1, 12.2, 7.3) km s
−1, as was determined
by Scho¨nrich et al. (2010). Here, heliocentric velocities
correspond to a set of moving Cartesian coordinates, with
u directed towards the Galactic center, v in the direction of
the Galactic rotation, and w perpendicular to the Galactic
plane, towards the north Galactic pole.
Let the initial positions and space velocities of a
test particle in the heliocentric coordinate system be
(x0, y0, z0, u0, v0, w0). The initial positions and velocities of
the test particle in Galactic Cartesian coordinates are then
given by
X0 = R⊙ − xo, Y0 = yo, Z0 = zo + h⊙,
U = −(u0 + u⊙),
V = v0 + v⊙ + V⊙,
W = w0 + w⊙,
(9)
where h⊙ = 16 pc is the height of the Sun above the Galactic
plane (Bobylev & Bajkova 2016a).
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Figure 1. Histogram of the number of the crossings of the Galac-
tic plane XY by GCs during the latest billion years versus the
distance R from the rotation axis of the Galaxy.
3.4 Statistical Modeling
To determine the confidence domain of the intersection
points of the GC of the galaxy disk, as well as the OC loca-
tion area at the moments of GC impacts, depending on the
accuracy of the data, we performed Monte-Carlo statistical
modeling for each GC–OC pair of interest.
In this simulation, before integration of the orbits, we
add to the initial phase space (x0, y0, z0, u0, v0, w0) of the
object the normally distributed random errors with zero
means and standard deviations (σx0 , σy0 , σz0 , σu0 , σv0 , σw0).
The number of random realizations in each Monte-Carlo ex-
periment was equal to 1000. It was empirically established
that this number is optimal in terms of achievable accuracy
and computational costs.
We determined the required standard deviations
(σx0 , σy0 , σz0 , σu0 , σv0 , σw0), also using the Monte-Carlo sta-
tistical simulation while calculating the initial coordinates
and velocities of objects from the data on positions, helio-
centric distances, proper motions and radial velocities tak-
ing into account their normally distributed errors with zero
means and standard deviations known from measurements.
Note that the confidence domains for the points where
the GCs cross the Galactic plane, as well as for the location
of the corresponding OCs at the time of the GC crossing,
are estimated at the 99.7% (3σ) probability level.
Obviously, the intersection of the confidence domains of
GC and OC is the basis for determining the probability of
the evolutionary relationship between GC and OC.
3.5 Time Characteristics of Star Formation
It is clear that some time must elapse after the impact of a
GC on the Galactic plane before stars will be formed. Fol-
lowing Vande Putte & Cropper (2009), we based our study
on the relation
t = tC + tSF + tA, (10)
where t is the time elapsed from the crossing of the Galactic
disk by the GC to the present time, tC the time between the
crossing and the onset of star formation, tSF the duration of
the star formation, and tA the age of the structure formed.
The value of the first term in (10) is known only with a
large uncertainty, and is in the range 0–30 million years. For
example, tC = 15 million years according to the estimate
of Le´pine & Duvert (1994) obtained from simulations of an
impact of a high-velocity cloud onto the disk. According to
Wallin et al. (1996), this time interval is tC = 30 million
years. In the model computations of Bekki (2009), the time
interval for star formation is in the range tC = 7−15 million
years. According to McKee & Tan (2002), the second term is
tSF = 0.2 million years (for a stellar mass M > 1M⊙); since
this is small compared to the other terms, we can neglect it
in a first rough estimate.
4 RESULTS AND DISCUSSION
Fig. 1 gives the number of intersections of the Galactic
plane by globular clusters from our entire sample dur-
ing latest billion years versus the distance to the rota-
tion axis of the Galaxy. Based on these data, we esti-
mated the average number of intersections of the Galac-
tic disk by globular clusters to be equal to 4 events for a
million years. According to works Salerno et al. (2009);
Vande Putte & Cropper (2009), this value is 1 event for
a million years. In Bobylev & Bajkova (2019), an estimate
equal to 3 events within a million years, which is closer to the
present one, was obtained. As it is seen from Fig. 1, most of
the impacts occur in the central region of the Galactic disk.
Next, a search was carried out for new couples, potential
GC – OC pairs, with possible evolutionary relationship. The
search was based on calculation of closest rapprochement of
GCs and OCs orbits in the past. The Galactic orbits of the
objects were built both in the axisymmetric modified NFW
potential and the potential, which includes the central bar
and the spiral density wave components.
The search results are presented in table 2.
The initial heliocentric coordinates (x0, y0, z0) and ve-
locities (u0, v0, w0), needed for calculation of orbits of the
objects listed in table 2, are given in columns 3–8 of table 3.
The coordinate and velocity uncertainties: standard devia-
tions (σx0 , σy0 , σz0) and (σu0 , σv0 , σw0), are given in columns
9–14 of table 3. These standard deviations were used in the
Monte-Carlo statistical modeling as it is described in Section
3.4.
The first and second columns of table 2 present the des-
ignations of GCs and OCs; the third and fourth columns, the
values of rapprochement ∆rt, obtained in axisymmetric and
non-axisymmetric potentials respectively; the fifth column,
the moment t of crossing the Galactic disc by GC, calculated
using axisymmetric potential; the sixth column, the age of
the OCs tA; the seventh column, the difference t − tA; and
the last one , the serial number Ncr of the intersection (the
last one is designated as "I"; the penultimate, "II"; the third
from the last, "III" ). Note that the table contains only the
pairs with ∆rt 6 2 kpc for which 10 < t− tA < 30 Myr. In
addition, the obvious condition tA < t must be satisfied in
accordance with the relation (10).
As can be seen from the table 2, virtually for every GC
there are several suitable OC candidates. This is consistent
with the results of Vande Putte & Cropper (2009), where for
c© 2019 RAS, MNRAS 000, 1–??
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Figure 2. The orbits and confidence domains in the XY Galactic plane for pairs NGC 104 – Ruprecht 127, NGC 104 – Turner 3,
NGC 5139 – NGC 6520, NGC 5139 – Trumpler 17, NGC 6760 – Ruprecht 127, NGC 6838 – NGC 6520 from table 2. Explanation is
given in the text.
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Table 2. Parameters of GC–OC pairs with a possible evolutionary coupling according to Gaia DR2 data
GC OC ∆rt, kpc ∆rt, kpc t, Myr backwards tA, t− tA, Ncr
in ASGP in NASGP in ASP Myr Myr
NGC 104 NGC 5606 1.16 1.37 51.5 22.4 29.1 I
NGC 104 NGC 6396 1.61 0.94 51.5 32.0 19.5 I *
NGC 104 Ruprecht 127 1.18 0.74 51.5 35.5 16.0 I *
NGC 104 Turner 3 0.73 0.63 51.5 28.8 22.7 I *
NGC 104 Lynga 6 1.52 1.62 51.5 28.2 23.3 I
NGC 104 vdBergh-Hagen 202 1.10 1.15 51.5 39.8 11.7 I
Palomar 13 NGC 433 1.87 1.83 93.5 64.6 28.9 I
Palomar 13 NGC 7654 1.51 1.51 93.5 79.4 14.1 I
NGC 5139 NGC 6520 0.95 0.67 81.5 56.9 24.6 II *
NGC 5139 Trumpler 17 0.68 0.65 81.5 59.6 21.9 II *
NGC 6341 NGC 6613 1.44 0.59 61.5 50.7 10.8 II *
NGC 6341 Ruprecht 127 1.51 1.63 61.5 35.5 26.0 II
NGC 6341 Ruprecht 164 1.29 1.16 61.5 50.1 11.4 II
NGC 6341 vdBergh-Hagen 202 1.17 1.64 61.5 39.8 21.7 II
Palomar 7 NGC 6910 1.96 1.80 53.5 33.9 19.6 II
NGC 6838 NGC 6520 1.25 0.79 71.5 56.9 14.6 II *
NGC 6838 NGC 6613 1.18 0.63 71.5 50.7 20.8 II *
NGC 6838 Ruprecht 164 1.26 1.47 71.5 50.1 21.4 II
NGC 6838 Trumpler 17 0.99 1.09 71.5 59.6 11.9 II
NGC 7078 Basel 8 1.49 0.68 101.5 84.1 17.4 II *
NGC 7078 NGC 7654 1.49 0.62 101.5 79.4 22.1 II *
NGC 7078 Trumpler 2 1.38 1.18 101.5 84.1 17.4 II
NGC 7078 ASCC 113 1.72 1.33 101.5 85.1 16.4 II
NGC 7078 NGC 7063 0.96 0.50 101.5 90.2 11.3 II *
NGC 6760 Ruprecht 127 0.71 0.48 64.5 35.5 29.0 III *
NGC 6760 vdBergh-Hagen 202 1.85 1.32 64.5 39.8 24.7 III
Figure 3. The orbits and confidence domains in the XY Galactic plane for pairs NGC 6341 – NGC 6613, NGC 7078 – NGC 7063 from
table 2. Explanation is given in the text.
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Table 3. Initial heliocentric space and velocity coordinates and their uncertainties for the GCs and OCs listed in f table 2
Object Name x0 y0 z0 u0 v0 w0 σx0 σy0 σz0 σu0 σv0 σw0
kpc kpc kpc km/s km/s km/s kpc kpc kpc km/s km/s km/s
NGC 104 1.87 -2.58 -3.18 -88.6 -80.8 37.9 0.09 0.12 0.15 3.9 4.3 1.2
NGC 5139 3.16 -3.89 1.34 87.7 -269.5 -88.2 0.15 0.19 0.06 2.6 4.7 7.3
NGC 6341 2.51 6.33 4.74 -36.8 -208.9 87.0 0.12 0.31 0.23 0.2 5.7 7.7
NGC 6760 5.96 4.35 -0.50 73.2 -105.8 -21.8 0.29 0.21 0.02 3.8 5.2 1.1
GC NGC 6838 2.18 3.32 -0.31 52.0 -58.0 31.7 0.10 0.16 0.01 3.1 1.9 1.4
NGC 7078 3.90 8.37 -4.77 89.7 -194.3 -35.5 0.19 0.42 0.24 6.5 5.4 4.2
Palomar 7 4.98 1.99 0.53 191.2 -63.0 20.1 0.24 0.09 0.02 2.4 5.9 0.3
Palomar 13 0.96 19.11 -17.66 -179.2 -36.7 -87.4 0.04 0.94 0.87 12.5 5.9 6.8
NGC 433 -1.14 1.57 -0.08 31.9 -22.8 -6.1 0.11 0.16 0.01 1.2 0.9 1.3
NGC 5606 1.65 -1.66 0.04 -71.2 -16.9 -11.0 0.15 0.15 0.01 4.3 4.4 1.4
NGC 6396 2.47 -0.26 -0.07 -31.6 -20.0 -7.5 0.38 0.04 0.01 2.4 3.8 1.9
Ruprecht 127 2.27 -0.28 -0.10 -31.9 -18.7 -9.1 0.24 0.03 0.01 0.3 2.6 1.5
Ruprecht 164 1.60 -3.74 0.04 123.8 -49.9 -16.4 0.26 0.60 0.01 12.0 11.1 3.2
Turner 3 1.54 0.33 -0.03 -12.4 -17.9 -11.6 0.12 0.03 0.01 9.7 2.6 1.4
Lynga 6 2.00 -1.13 0.01 -69.0 -1.2 -9.2 0.23 0.13 0.01 2.2 3.7 1.6
vdBergh-Hagen 202 1.59 -0.44 0.04 -56.7 -17.7 -8.6 0.14 0.04 0.01 1.3 2.9 1.1
OC NGC 7654 -0.60 1.42 0.01 30.5 -30.7 -3.4 0.04 0.10 0.01 2.6 4.9 1.1
NGC 6520 1.65 0.08 -0.08 -22.5 -1.3 -5.1 0.19 0.01 0.01 0.9 0.9 1.2
Trumpler 17 0.75 -2.22 0.01 -45.8 -43.0 0.4 0.08 0.23 0.01 6.7 9.6 0.9
NGC 6613 1.40 0.35 -0.02 -11.8 -10.4 0.3 0.08 0.02 0.01 4.3 1.5 0.7
NGC 6910 0.33 1.64 0.05 43.2 -41.9 -3.2 0.03 0.14 0.01 4.6 2.7 1.2
Basel 8 -1.35 -0.59 -0.00 -3.9 -17.3 -8.4 0.07 0.03 0.01 6.6 3.1 0.7
Trumpler 2 -0.49 0.45 -0.04 -4.0 -11.8 -13.4 0.02 0.01 0.01 0.5 0.6 0.7
ASCC 113 0.06 0.54 -0.06 4.9 -6.0 -7.5 0.01 0.01 0.01 0.6 3.2 0.5
NGC 7063 0.07 0.64 -0.11 2.4 2.5 -9.4 0.01 0.01 0.01 0.8 5.7 1.1
Table 4. Parameters of 9 selected GC–OC pairs with the closest rapprochements (∆rt < 1 kpc) in the total gravitational potential
accounting for bar and spiral density wave
GC OC ∆rt, t backwards, tA, t− tA, φcr, Vcr, Mass of GC, Relative impact P
kpc Myr Myr Myr deg km/s 106M⊙ energy of GC
NGC 104 Turner 3 0.63 51.5 28.8 22.7 34 173 0.78 0.0500 0.51
NGC 104 NGC 6396 0.94 51.5 32.0 19.5 34 166 0.78 0.0480 0.33
NGC 104 Ruprecht 127 0.74 51.5 35.5 16.0 34 166 0.78 0.0480 0.33
NGC 5139 Trumpler 17 0.65 83.5 59.6 23.9 39 353 3.55 1.0000 0.33
NGC 5139 NGC 6520 0.67 83.5 56.9 26.6 39 319 3.55 0.8200 0.21
NGC 6341 NGC 6613 0.59 62.5 50.7 11.8 34 327 0.33 0.0800 0.51
NGC 6838 NGC 6520 0.79 73.5 56.9 16.6 12 73 0.05 0.0006 0.15
NGC 6760 Ruprecht 127 0.48 64.5 35.5 29.0 19 137 0.25 0.0100 0.33
NGC 7078 NGC 7063 0.50 102.5 90.2 12.3 35 393 0.80 0.2800 0.30
the first time it was shown that the formation of associations
consisting of multiple OCs is possible. Bobylev & Bajkova
(2019) also noted such possibility. However, the names of
specific clusters in these works mostly disagree, excepting
only the globular clusters NGC 104 and NGC 5139 (ω Cen)
mentioned by all authors.
Comparison of rapprochements∆rt obtained in axisym-
metric potential and the potential accounting for bar and
spiral structure (ASGP and NASGP) shows the degree of
the influence of the non-axisymmetric potential components.
As it can be seen from table 2, the same open cluster
may have an evolutionary relationship with different globu-
lar clusters. This means that star formation in giant molec-
ular clouds can be caused by the successive effects of two
or several globular clusters crossing the Galactic disk at dif-
ferent but sufficiently close to each other moments of time.
Thus, the formation of OC Rupprecht 127 can have been
caused by the impacts of two globular clusters, NGC 6760
and NGC 104, that occurred 71 and 51 million years ago re-
spectively. A similar situation may have taken place with
OCs NGC 6520 and NGC 6613. Open cluster vdBergh-
Hagen 202 may have been born as a result of the impacts
of three GCs: NGC 6760, NGC 6341 and NGC 104, 64, 61
and 51 million years ago respectively.
Based on the typical size of a giant molecular cloud of
700–1000 pc, we have identified pairs (designated by asterisk
in the last column of table 2), which have ∆rt 6 1 kpc in
full gravitational potential.
Table 4 presents parameters of 9 selected GC–OC pairs
with the closest rapprochement. Here, except of ∆rt, tA and
c© 2019 RAS, MNRAS 000, 1–??
8 A. T. Bajkova and V. V. Bobylev
time intervals t, t−tA, five more parameters are given. These
are: the angle φcr at which a GC crosses the Galactic plane;
the velocity Vcr that a GC has relative to the environment
at time of crossing; mass of a GC; impact energy of a GC
relative to the highest energy of GC NGC 5139 in pair with
OC Trumpler 17; probability P of the relationship between
corresponding GC and OC. Probability P was determined
using Monte-Carlo experiment as it is described in Section
3.4.
Based on numerical simulation of an intersection of
the Galactic disk by a massive (3.3× 106M⊙) high-velocity
cloud, Comero´n & Torra (1992), Comero´n & Torra (1994)
have shown that star formation will be the most effective in
case of oblique falling object. Therefore, we are interested in
the angle φcr. As we can see from table 4, all the obtained
angles are acute.
For the pairs listed in table 4, Figs. 2 and 3 are pre-
sented. Since OCs Ruprecht 127 and NGC 6396 have very
close orbits (compare their initial parameters and ages from
tables 3 and 2), we provide graphical illustration only for the
pair NGC 104 – Ruprecht 127. As it can be seen from table
4, almost all parameters of these two pairs are equal. This
fact makes it possible to assume that the formation of both
open clusters is very likely to have been caused by the same
reason, namely, the intersection of the disk of the Galaxy by
the NGC 104 51 million years ago.
In the Figures, we display the Galactic orbits of the
globular and open clusters, calculated using the total grav-
itational potential consisting of three component (bulge,
disk, halo) axisymmetric potential and non-axisymmetric
potentials of bar and spiral density wave. The orbits of the
GCs (drawn by gray, red in color version) are integrated on
the interval of 200 million years backwards. The OCs or-
bits (drawn by light, yellow in color version) are integrated
on the time interval t up to the moment of intersection of
the Galactic plane by a corresponding globular cluster. The
points in the Figures are obtained using Monte-Carlo simu-
lations and make up the confidence areas corresponding to
the level 3σ. The brightest points (yellow in color) corre-
spond to the orbit end points of OCs. Gray dots (red) fill
the confidence region of the intersection of the Galaxy disk
by GCs. The darkest points (blue) indicate the intersection
of the areas corresponding to OCs and GCs. Since we used
1000 model iterations, the ratio of the number of points in
the intersection area to 1000 yields the probability P . As it
can be seen from table 4, pairs NGC 104 – Turner 3 and
NGC 6341 – NGC 6613 have the highest probability equal
to 0.51.
The masses of most GCs are known with an accuracy
of 15–20 %. In table 4, masses of our GCs are listed ac-
cording to the work Baumgardt & Hilker (2018). Given the
velocity of Vcr, which a GC has at the time of the impact
relative to the supposed hydrogen cloud, we can conclude
that NGC 5139 (ω Cen) had the highest impact energy (see
table 4). The second place belongs to NGC 7078, then go
NGC 6341 and NGC 104. The pair NGC 6838 – NGC 6520
shows both the lowest impact energy and the smallest prob-
ability of evolutionary relationship.
CONCLUSIONS
The passage of globular clusters through the giant molecu-
lar clouds of the Galactic disk can initiate a star formation
process leading to the generation of open star clusters and
even entire associations. Our study, devoted to the estab-
lishment of links between the passage of GCs through the
Galactic disk and the formation of OCs, is based on the
search for past rapprochements between the GCs and OCs
with taking into account the age of the OCs and the du-
ration of the star formation process. Since the search for
the rapprochements involves the integration of orbits in the
Galactic gravitational potential, the accuracy of data and
the model of the Galactic gravitational potential, are of great
importance. In this paper, an attempt to solve this problem
on the basis of data from the Gaia DR2 catalog about 150
GCs and 232 young OCs has been made. As a model of
the gravitational potential, we chose the three-component
(disk, bulge and halo) axisymmetric Navarro-Frenk-White
potential model, which we recently updated from the most
up-to-date data on circular velocities of various objects in a
wide range of galactocentric distances (Bajkova & Bobylev
2016). The study was carried out both in the axisymmetric
potential and in the potential that takes into account the
Galactic bar and the spiral density wave with parameters
that meet modern estimates.
The following results of our research can be distin-
guished:
1.A new estimate of the frequency of GCs impacts on
the Galactic disk was obtained: 4 events for 1 million years.
It is shown that most of these impacts occurred in the central
region of the Galactic disk.
2.The parameters of nine GC — OC pairs with the clos-
est rapprochement within 1 kpc at the time of the intersec-
tion the Galactic disk by a globular cluster for the latest 100
Myr were obtained. These are the following pairs:
NGC 104 – Turner 3,
NGC 104 – NGC 6396,
NGC 104 – Ruprecht 127,
NGC 5139 – Trumpler 17,
NGC 5139 – NGC 6520,
NGC 6341 – NGC 6613,
NGC 6838 – NGC 6520,
NGC 7078 – NGC 7063,
NGC 6760 – Ruprecht 127.
For these pairs, a probability of possible evolutionary
relationship was estimated using Monte-Carlo simulation.
The probability is maximal, equal to 0.51 for pairs NGC 104
– Turner 3 and NGC 6341 – NGC 6613. Globular cluster
NGC 5139 ensures the maximal impact energy in the pairs
with open clusters Trumpler 17 and NGC 6520.
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